Mutualistic interactions are dynamic associations that vary depending on the costs and benefits to each of the interacting parties. Phenotypic plasticity in mutualistic interactions allows organisms to produce rewards to attract mutualists when the benefits of their presence outweigh the costs of producing the rewards. In ant-plant defensive mutualisms, defences are indirect as plants produce extra-floral nectaries (EFN) to attract predatory ants to deter herbivores. Here we demonstrate that in broad bean, Vicia faba, the overall number of EFNs on a plant increases dramatically following leaf damage. In two damage treatments, removal of: (1) one-third of one leaf in a single leaf pair or (2) one-third of both halves of a single leaf pair, resulted in a 59 and 106% increase in the number of EFNs on the plants, respectively, over 1 week. We suggest that the increased production of visually conspicuous EFNs is an adaptive inducible response, to attract predatory arthropods when risk of herbivory increases.
Ecology Letters (2003) 6: 495-497 Mutualistic interactions are common between plants and pollinators, plants and mycorrhizal fungi, and plants and predatory arthropods. These interactions are not absolute, but rather, are dynamic, conditional associations that change depending on the costs and benefits to each partner in the current environment (Bronstein 1994) . It is advantageous for organisms in these associations to maintain a degree of phenotypic plasticity (West-Eberhard 1989) to produce more rewards when the benefits of attracting more mutualistic partners outweighs the costs of producing the rewards (Risch & Rickson 1981; Doebeli & Knowlton 1998; Roberts & Sheratt 1998) . For example, plants can increase the probability of attracting saccharophilous predatory arthropods such as ants, which defend the plant from herbivores (Hölldobler & Wilson 1990; Heil et al. 2001a) , by increasing nectar flow to extra-floral nectaries (EFNs), sugar-producing organs produced by over 66 plant families (Hölldobler & Wilson 1990) .
As nectar production can be costly (Pleasants & Chaplin 1983; Southwick 1984; but see Harder & Barrett 1992) , plants could decrease costs by increasing nectar production to attract predatory arthropods only when the risk of herbivory increases. By increasing rewards, an organism increases the chance of attracting more mutualistic partners for defence (Agrawal & Fordyce 2000) . While plants can increase the quantity of nectar per EFN upon leaf damage (Agrawal & Rutter 1998; Wackers et al. 2001) , thus far a quantitative change in the overall number of EFNs has not been demonstrated. If nectaries are visually conspicuous and the mutualistic partner, such as ants, forage using visual cues (David & Wood 1980) , it may be adaptive to produce a more striking visual display rather than increasing the resources from existing nectaries.
Broad bean, Vicia faba cv. Broad Windsor, is commonly visited by saccharophilous ants (Bugg & Ellis 1990) and is highly variable in the number of large, dark purple EFNs on the light green stipules, at the base of leaf petioles. Plants produce sometimes 1, but most often 0 or 2 EFNs per leaf pair. By creating different amounts of mechanical leaf damage, we tested the hypothesis that a plant with conspicuous EFNs will produce additional nectaries when risk of herbivory increases.
To test this hypothesis, 18-day-old broad bean plants, V. faba, were subjected to one of the following manipulations: (1) control plants that did not have any leaf damage (n ¼ 9), (2) plants that had the distal third of one leaf of the leaf pair excised with scissors (n ¼ 9), and (3) plants that had the distal third of both leaves of a leaf pair excised (n ¼ 10). Treatments were randomly assigned, using JMP IN 4.0.4 (SAS Institute Inc. 2001). When plants were manipulated, the length of main shoots, numbers of lateral shoots (determined as having more than one bean leaf pair in succession off the main shoot), numbers of fully expanded bean leaf pairs, numbers of partially expanded bean leaf pairs, and numbers of EFNs on each plant were recorded. The presence of EFNs were determined by inspecting each stipule with a Merangue
Ò
LG807BL magnifying glass (Merangue International Limited, Don Mills, ON M3A 1B3, USA), as EFNs differ in size and degree of purple coloration. Growing conditions were 14°C photophase and 8°C scotophase (±2°C), 50 ± 10% relative humidity, and 16 : 8 L : D, provided by 27, 165 W cool fluorescent bulbs and 12, 60 W incandescent bulbs. Plants were watered daily and fertilized once a week with 20 : 20 : 20 N : P : K.
After 7 days, pre-treatment values were subtracted from the values after 7 days to determine the change for each character over the week. To control for different positions in the growth chamber, with different light levels, we randomly interspersed treatments, within trays, within the chamber. Data were subsequently analysed with two-way ANOVAs, using JMP IN 4.0.4 (SAS Institute Inc. 2001). The two factors were damage (three levels, see above), and plant trays (three trays). Post-hoc tests were performed with the least square means orthogonal contrasts option, using JMP When subjected to leaf damage, broad bean plants dramatically increased the number of EFNs per plant. Plants that experienced damage to one or both leaves of a leaf pair increased the number of EFNs over the following week by 59 and 106%, respectively, compared with undamaged plants (F 2,19 ¼ 9.26, P ¼ 0.0016) (Fig. 1) . This increase was primarily in pairs of nectaries (F 2,19 ¼ 9.26, P ¼ 0.0016), rather than a single nectary (F 2,19 ¼ 0.91, P ¼ 0.42), per leaf pair. The relationship between numbers of EFNs and fully and partially expanded leaves dissipated after treatments (multiple regression model; F 2,25 ¼ 2.39, P ¼ 0.12), as on damaged plants nectaries were often clustered on the apical meristem; i.e. produced on leaf stipules prior to the leaves unfolding. Different positions in the growth chamber also resulted in different numbers of EFNs (F 2,19 ¼ 4.81, P ¼ 0.020), with more EFNs on plants in the centre compared with the edge of the growth chamber.
There was a slight trend towards plants in the highest damage treatment having higher numbers of fully expanded bean leaf pairs compared with the other two treatments (F 2,19 ¼ 2.78, P ¼ 0.088). There was, however, no difference in the length of main stems (F 2,19 ¼ 0.036, P ¼ 0.97), partially expanded bean leaf pairs (F 2,19 ¼ 0.29, P ¼ 0.75), or the number of lateral shoots (F 2,19 ¼ 0.13, P ¼ 0.88) on undamaged and damaged plants. There was also no significant effect of plant position on any characters other than EFNs.
Thorns, trichomes, leaf hairs, and secondary plant compounds are all inducible traits in response to leaf damage, to directly interfere with herbivore foraging (Karban & Baldwin 1997; Tollrian & Harvell 1999) . Here we have shown that the overall number of EFNs on a bean plant is also a phenotypically plastic trait in response to leaf damage, not to disrupt herbivore feeding directly, but presumably to attract mutualist partners such as ants, to reduce herbivory (Agrawal & Rutter 1998; Heil et al. 2001b) . Additional benefits may be accrued by plants with more EFNs, such as distracting nonpollinating insects from floral nectaries (Wagner & Kay 2002) , although the cost of EFNs must be relatively low for this hypothesis to be valid (Rosenzweig 2002 ). We do not believe the distraction hypothesis to be a substantial selective force for broad beans, however, as this species produces EFNs several weeks before flowering.
Plants that attract predatory arthropods to deter herbivores experience significantly lower rates of herbivory (Beattie 1985; Koptur 1992) . The costs associated with producing EFNs, however, are less clear (Rosenzweig 2002) . In our study, we found no significant effect of leaf tissue removal on any plant character other than the number of EFNs. It is possible that the costs may centre on plant traits that we did not examine, such as reduced leaf area or reduced seed production (Pyke 1991) . For example, in Figure 1 The number of extra-floral nectaries produced during 1 week following leaf damage, when having zero, one, or two halves of a bean leaf pair damaged. Columns with different letters are significantly different, P £ 0.05, least square means orthogonal contrasts.
response to mechanical leaf clipping in common vetch, Vicia sativa, number of seed pods, number of seeds, total seed mass, and individual seed mass declined (Koptur et al. 1996) . Thus, it would not be unreasonable to assume that similar fitness costs may be borne by V. faba in response to real or simulated herbivory. The differential benefits of nectar vs. nectary induction for plant fitness have yet to be explored. Nectary induction would be a less rapid response to herbivory than augmenting existing nectar production. From an adaptationist viewpoint, substantial benefits must be accrued by plants producing additional EFNs, to overcome the presumed costs of developing new structures and/or increasing EFN developmental rate (although the costs of EFNs are unknown; Rosenzweig 2002) . By producing nectaries on the apical meristem, plants may attract and retain ants in the region of the most active plant growth, rather than continuing to attract them to older leaves which may already have been defoliated.
Further experimentation is required to test EFN induction in a natural setting to determine the effect of induced nectaries on herbivory and plant fitness. We predict that whether plants increase the amount of rewards available from existing EFNs, or produce more overall EFNs, will depend on factors, such as stage of plant growth when leaf damage occurs (i.e. time available for reallocation of resources), whether mutualists are already present or have yet to be attracted to a plant (i.e. pattern of nectar depletion), and if the EFNs are inconspicuous or conspicuous.
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